Thyroid cancer is the sixth most common cancer in women, and the majority of patients with thyroid cancer has sporadic disease. However, about 25% of patients with medullary thyroid cancer and 5% with papillary thyroid cancer have familial tumors. Currently, there are numerous controversies regarding the mode of inheritance, tumor behavior, extent of surgical resection for optimal results, coexisting thyroid pathology, risk of other cancers, and extent of postoperative treatment of patients with familial thyroid cancer. This review aimed to give insight to surgeons on this interesting topic.
Subsequent studies documented that there are genotype/ phenotype correlations in patients with familial and sporadic MTC (15) . All patients with MTC should be screened for a RET mutation, since about 50% of patients with MEN 2B and about 10% of patients with MEN 2A or familial MTC have a de novo RET mutation. This means that although their parents and siblings do not have a RET mutation, half of their children are at risk for MTC. Total thyroidectomy is recommended to most patients with a family history of MTC who are RET-positive, prior to age 6 or earlier, if there are thyroid nodules or the patient has an increased blood calcitonin level.
Familial Non-Medullary Thyroid Cancer
Familial non-medullary thyroid cancer (FNMTC) is defined as occurring in patients having well-differentiated thyroid cancer of follicular cell origin in two or more first-degree relatives. Most patients with FNMTC have familial papillary thyroid cancer (FPTC), as first reported in identical twins by Robinson and Orr in 1955 (16) . Similar to familial MTC, FPTC occurs as an isolated tumor, which is often multifocal, associated with coexisting benign thyroid tumors, or is associated with other syndromes (17) . Numerous genetic abnormalities are associated with sporadic papillary thyroid cancers. RET/PTC rearrangements were the first genetic abnormalities to be associated with the development of sporadic papillary thyroid cancers (18) . RET rearrangements occur most often in papillary thyroid cancers associated with radiation exposure and in children (19) . RET/PTC 1 and 3 rearrangements are the most frequent mutations, and 15 RET rearrangements have been documented (19) . RET/PTC mutations have been reported to be associated with both more and less aggressive thyroid cancers but probably do not influence tumor behavior (20) . A BRAF point mutation is the most common abnormality in sporadic PTC and is found in about 50% of these tumors (21) . BRAF mutations are more common in poorly differentiated thyroid cancers, more invasive PTC, and PTCs with lymph node metastases (22, 23) . Most but not all reports suggest that a BRAF mutation is associated with a worse prognosis. In some medical centers, however, up to 80% of papillary thyroid cancers have a BRAF mutation, thus decreasing its prognostic value.
RAS somatic mutations are reported to be more common in follicular thyroid cancers than in papillary thyroid cancers in most but not all studies (24, 25) . RAS mutations are also found in some benign thyroid tumors (25) . TRK mutations are found in about 5% to 15% of PTCs (26) . Pax 8/PPAR gamma mutations are most often identified in follicular thyroid cancers but also occur in follicular adenomas (27) . p53 mutations are almost exclusively found in anaplastic thyroid cancers and in thyroid cancer cell lines (28) . They may also be present in poorly differentiated thyroid cancers. One might question whether the same somatic mutations that are responsible for sporadic thyroid tumors also cause familial thyroid cancers of follicular cell origin, but this does not appear to be the case (29) .
Germline mutations have been documented in a Canadian family with familial goiter, (30) in a French family with trabecular and oxyphilic thyroid cancer and nodular goiter, (31) in one family with PTC and papillary renal neoplasia, (32) and in a Tasmanian family with a familial follicular variant of PTC (33) ( Table 1) . Thyroid cancer is also more common in patients with familial polyposis, (34) Cowden's syndrome, (35) Werner's syndrome, in Japanese people, (36) McCune-Albright syndrome (37) and in Carney's syndrome (38) ( Table 2 ). Other possible linkage sites for FPTC not associated with other syndromes have been found on chromosomes 8p23.1-p22, 8q24, 1q21, and 6q22 (39) (40) (41) (42) . The gene or genes responsible for most cases of FPTC have not been identified. MicroRNA markers, such as MIR-886-3p, that help regulate cell proliferation and migration are deregulated in FPTC (43) . Unfortunately, prophylactic thyroidectomy, directed by genetic testing, currently can not be recommended to remove the thyroid gland in patients who are genetically predisposed to developing FPTC. (48) reported that patients with three or more members with FPTC were more likely to die from their thyroid cancer than those with just two documented patients with thyroid cancer or patients without thyroid cancer. Index cases had a higher death rate than subsequent family members (48) . Charkes (57) published that the likelihood is 31% to 38% that at least one of a pair of family members with non-medullary thyroid cancer has an inherited disorder. When three or more patients have papillary thyroid cancer in the same family, 96% has familial disease. These findings may help explain the differences reported by many groups regarding tumor aggressiveness, since many of these patients with only two members with thyroid cancer probably have sporadic rather than familial disease. Most studies suggest that at least in families with three or more members, an autosomal dominant mode of inheritance is present, with incomplete expression (58) . Others studies suggest that a polygenetic etiology is also possible (59) .
Clinical Management of FPTC
The clinical evaluation of patients with FPTC appears to be similar to that for most patients with a thyroid nodule. In family members of patients with FPTC who have a normal thyroid gland documented by physical examination, an ultrasound examination is recommended beginning at age 10. When a suspicious nodule or nodules are identified, fine needle aspiration biopsy for cytological examination is recommended. Needle biopsy, however, is not as accurate in patients with FPTC because of the multifocal nature of these tumors, and coexisting benign thyroid nodules are also more common than in patients with sporadic thyroid tumors (60) . One 9-year-old boy with FPTC has been reported with widely metastatic disease (61).
For patients with thyroid cancer or a suspicious thyroid biopsy, total thyroidectomy is recommended. Lymph node metastases are more common in these patients, so nodal metastases should be searched for on ultrasound and at the operation and removed if observed. Patients should also be carefully examined for other cancers, since such tumors are somewhat more common in these patients.
Genetic Testing
Some patients have concerns or fears about genetic testing, and consultation with a genetic counselor is recommended. When testing for genetic disease, one should first examine patients who have documented disease before testing other family members without documented thyroid cancer. Although genetic testing raises many ethical questions, to date, genetic discrimination by health insurers has not been a problem, according to the American Society of Human Genetics. There is still the fear of loss of confidentiality and genetic discrimination or of finding unrelated genes that predispose one to other disorders. The main question to be addressed is how this information should benefit most patients or their family members, especially when early treatment may save lives.
Capazzone (44) and colleagues, as previously mentioned, reported that there are short telomere lengths, hTERT gene amplification, and increased telomerase expression in familial thyroid cancers. There may also be genetic anticipation. Although not all others have been able to repeat these findings, genetic anticipation has been reported to occur in some neurologic diseases where the children present with the same disease as their parents but at an earlier age or with more extensive disease.
CONCLUSION
About 5% of patients with thyroid cancer have familial thyroid cancer, and most of these patients have familial papillary thyroid cancer. The molecular mechanisms responsible for these tumors are unknown for most of these patients, and more research studies should be done. It appears that FPTC is slightly more aggressive than sporadic PTC, and coexisting benign thyroid tumors are more common, as are other non-thyroidal tumors.
